fruits eaten by birds (Wheelwright et al. 1984 , Dinerstein 1986 , Fleming et al. 1987 .
Because fruiting patterns and frugivore diets change within and between years, simultaneous studies are necessary to quantify the overlap on fruits between birds and bats. A community level study in an early successional tropical wet habitat at La Selva, Costa Rica revealed that six fruit species were eaten by both birds and bats (of 59 eaten by either taxon), and dietary overlap (simplified Morisita index; Horn 1966) between pairs of bird and bat species ranged from 0 to 0.08 (Palmeirim et al. 1989 ). However, the brevity (5 weeks) and early successional context of that study makes extrapolation speculative.
We studied the diets of fruit-eating birds and bats over 2.5 yr in a matrix of primary tropical rain forest and disturbed areas in the Peruvian Amazon, in order to quantify trophic relationships. These data were collected as part of a larger study to determine the role of seed dispersal by birds and bats in the natural regeneration of forest after strip-cutting ). 
Study area and methods

Study site
Capture of animals
We captured birds and bats with nylon mist nets in primary forest, secondary forest, and logged strips. In primary forest nets were set along (for birds and bats) or across (for bats) small trails or along narrow lanes opened for this purpose. The secondary forest was about 18 yr old and located along an abandoned forest extraction road bordered by primary forest. Two logged strips were cleared by the strip-cut system (Hartshorn 1989 Nets were checked every 30 min, and all animals captured were held in cloth bags to collect fecal samples, identified, and released. Reference specimens of birds and bats from these sites are deposited in the Museo Nacional de Historia Natural de la Universidad Nacional Mayor de San Marcos (MUSM) in Lima, Peru.
Determination of diets
With the exceptions of the sanguinivorous bat, Desmodus rotundus (N = 100), and hummingbirds (N = 231), nearly every captured animal was kept in a cloth bag for at least one h before being identified and released. Each bag was inspected for fecal material; fecal material was carefully inspected for arthropod parts and intact seeds. Seeds found in feces were identified with the aid of a reference collection of seeds from ripe fruits collected in the forest and disturbed areas. Plants were identified by F. Comejo and Rodolfo Vasquez. Voucher specimens are deposited at the Universidad Nacional Agraria -La Molina in Lima.
The presence of one or more seeds of a plant species in the feces or regurgitate of an animal was considered a "seed record". If seeds from two or more species were found in the feces of the same individual, they were treated as separate seed records.
Fruit dietary overlap between pairs of frugivore species was calculated from these seed records using the simplified Morisita index, C (Horn 1966 where xi = the proportion of the seed records of animal species x made up of food item i and Yi = the proportion of the seed records of animal species y made up of food item i. This index ranges from 0 (no overlap) to 1 (complete overlap) and, because it combines diet choices multiplicatively, it is an appropriate measure of the overlap in resource exploitation between species in the same habitat (Horn 1966 Frugivore diets were clustered by the average linkage algorithm (CLUSTER procedure, AVERAGE option, SAS Version 6) using 1-C as a measure of distance between frugivore species.
We assigned species to trophic guilds following Gardner ( 
Correspondence analysis of diet matrix
To find the best simultaneous representation of the matrix of diet records (with frugivore species as rows and fruit species as columns) we used Correspondence analysis (CA, also called Reciprocal averaging). CA involves the derivation of new axes that maximally account for the structure of the points in a multi-dimensional space, making possible the reduction of dimensionality (Gauch 1982 , Pielou 1984 . These new axes maximize the correspondence between row and column categories (frugivores and fruits) so that species with similar diets are positioned close to each other, as are fruits eaten by similar sets of animal species. CA was done using the CORRESP procedure in SAS version 6.
We included in the CA all plant operational taxonomic units (OTUs, see Results) that made up > 10% of the seed records of any of the 18 major frugivorous animal species or that were present in the diet of more than one of these species. Several plant genera were represented by several species; these typically had similar fruit and might be expected to be functionally equivalent, with differences in patterns of consumption by frugivores due to sampling error. To explore whether differences between congeneric plants were contributing strongly to the representation of trophic structure by CA, we also carried out CA after grouping plant taxa by genus. All genera that met either of the criteria in the previous paragraph were included, resulting in the addition of a few observations. It is possible that a few of the taxa that could not be classified to genus actually belonged to one of the genera included in the analysis, but they were considered separate entities in our analysis.
Relationship of fruit characteristics to CA axes and dispersal mode
For nearly all of the fruit species eaten by birds or bats that were identified with the reference collection, we recorded growth form (epiphyte, liana, tree (>5 m), or "shrub" (incl. terrestrial herbs and treelets < 5 m), fruit type (capsule with arillate seeds, 1-or 2-seeded drupaceous fruit, multi-seeded (> 3) berry-like fruit, or multiple fruit), color (of aril in arillate fruits, otherwise of exterior), and seed length and width (in mm). For more than half of these species we also measured fruit length in cm.
Relationships between CA scores and fruit and seed Table 2 ). Omnivores that include fruit as part of their diet account for an additional 14 (25%) of the species and 11% of the captures. Among birds, frugivores accounted for 14 (11%) of the species and 21% of the individuals captured (Table 3) . Omnivores accounted for an additional 13 (10%) of the species and 11% of the captures.
Seeds
Seeds of 92 OTUs were recognized in the diet samples of the 18 major frugivores (Tables 4-6 ). Of these, 45 were identified to species, 17 were matched with a reference specimen that has been identified only to genus, 7 were identified to genus based on seed morphology, 19 were identified with a high level of confidence to family based on seed morphology or matching with a reference specimen identified to family, and 4 could not be identified to family. Forty-five OTUs were recognized only in diet samples of major frugivorous birds, comprising at least 10 plant families and 19 genera (Table 4) . Forty-one OTUs were recognized only in diet samples of major frugivorous bats, comprising at least 13 plant families and 16 genera (Table 5) Six plant species were found in the diet samples of frugivorous birds and bats (Table 6 ). The proportion of a bird species' seed records accounted for by this group of six species ranged from 0% (for Machaeropterus regulus) to 36% (for Tangara schrankii) (median = 16%). However, these six species were absent from the diets of five of the bat species and their median representation in a bat species' seed records was only 0.9% (max. = 12.5% for Rhinophylla pumilio). Each of these six plant species made up a larger percentage of the seed records of the frugivorous birds (seven species pooled) than of the frugivorous bats (11 species pooled, Table 6 ). Table 4 . Plant species eaten only by birds and the number of seed records of each in the diet of each of the major frugivorous bird species (abbreviations follow Table 1 ). See Table 6 for species eaten by both birds and bats. Names for plant codes appear below. Table 6 ). The following taxa are not included in Table 4 Table 6 . Plant species with fruits eaten by both birds and bats, the number of seed records of each in the diet of each of the major frugivorous species (abbreviations follow Table 1 ). Totals are the number of records of the seed in diets of all major frugivorous birds or bats, followed by the percentage of seed records comprised by that seed. Table 7 ). For 54 of two major groups comprised of birds and bats, respec- Table 7 ) between pairs of major frugivorous bat species. Abbreviations follow (Fig. 1) . Among the bats, the diet of Phyllostomus hastatus was the most dissimilar. The remaining bats were grouped in three clusters: the four species of Carollinae, Uroderma bilobatum, and the three Artibeus spp. plus Sturnira lilium. Among the birds, Tangara schankii had the most dissimilar diet. (Fig.  2) . The score for the largest bat, Phyllostomus hastatus, was quite distinct from all other bats, with the four Carolliinae bats occupying the other extreme. Scores for bat species on this axis were strongly related to body weight (Fig. 3) . Fruits eaten by bats were also separated on this axis, with fruits eaten primarily by P. hastatus Table 1 . X axis is normalized RMS distance.
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in Table 6 . (Fig. 4) . The other tanager, Tachyphonus surinamus, had an intermediate value on this axis. The plant species with the most positive values on axis 3 were two epiphytic Coussapoa spp. eaten primarily by T. schrankii. Fruits with the most negative values for axis 3 were those eaten solely by Pipra coronata (Miconia splendens, Psychotria deflexa) or by Manacus manacus (Alchornea triplinervia and an unidentified Rubiaceae). None of the fruit characteristics were significantly related to axis 3, although ANOVA on fruit type approached significance (P = 0.0721); drupes tended to have lower scores than other fruit types.
Grouping plant species by genus resulted in only minor changes in the first two axes of Correspondence analysis. The first axis (explaining 28.6% of the variance) again separated bats and bat-fruits from birds and bird-fruits, but the tanagers emerged somewhat intermediate between the other birds and the bats (Fig. 5) . Fruit genera shared by the two classes also had intermediate values on this axis. The second axis (accounting for 18.0% of the variance) again separated Phyllostomus hastatus from the Carollinae bats, but in this case it was joined by the three large Artibeus species. The third axis (accounting for 9.6% of the variance) was unrelated to axis 3 of the species-level analysis. It separated Rhinophylla pumilio and an unknown species in the Guttiferae from the other bats and bat-fruits (Fig. 5) . This Guttiferae made up 30% of the seed records of R. pumilio, and R. pumilio ac- (Table 1) . Congruent with Alchornea is an unidentified Rubiaceae.
counted for 86% of the records of this plant species in the diets of the major frugivores (Table 5 ). There was some separation of birds and bird-fruits along this axis as well.
Characteristics of bat-vs bird-fruits
Dispersal mode (bat vs bird) was significantly associated with the color, type, and length of fruit. The association was strongest with fruit color whether all seven colors were considered (G=49.9, df=6, P< 0.001, Cramer's V= 0.81) or whether the three rarest colors (white, orange, and yellow) were pooled (G= 47.0, df=4, P <0.001, V= 0.78). All green fruits (N= 15) were bat-dispersed; all purple fruits (N= 14) and most black and red fruits were bird-dispersed. The association of dispersal mode with fruit type (G=24.3, df=3, P<0.001, V=0.59) was due to most multiple fruits being eaten by bats and most arillate, berry-like, and drupaceous fruits eaten by birds. Dispersal mode was not associated with growth form. Logistic regression revealed that the probability that a plant species was bat-(vs bird-)dispersed was positively related to fruit length (Score X2= 10.3, df=l1, P= 0.0013). Dispersal mode was not related to seed length or width.
Limitations of the analyses
Our analyses of both dietary overlap and trophic structure considered only the fruit component of the diets, not arthropods and floral resources. Nectar and/or pollen were not detected by our methods, but are seasonally significant components of the diets of P. hastatus, C. perspicillata, A. jamaicensis, A. lituratus, and S. lilium (Heithaus et al. 1975 , Gardner 1977 . Arthropods were present in the diet of all but one (Artibeus obscurus) of these "frugivores", but were encountered more frequently than seeds in the diet samples in only one species, the tanager Tachyphonus surinamus (Table 1) . Although classified an "insectivore" by Terborgh et al. (1990) , T. surinamus should be considered an omnivore, given that 56% of diet samples contained seeds. Two other of the major frugivorous birds (Catharus ustulatus and Tangara schrankii) are considered "omnivores" in the literature, as is the bat Phyllostomus hastatus (Appendix).
Arthropods were not included in the analyses because their remains in diet samples were not further identified, hence we could not assess whether different animal species were eating the same arthropods. However, we suspect birds and bats do not overlap in their use of arthropod resources, because they are active at different times of day and hence encounter different arthropod faunas. Unlike arthropods, fruits are available round-the-clock (once they ripen), so frugivores do not avoid dietary overlap by foraging at different times.
Our calculations of dietary overlap and trophic structure are subject to certain limitations and biases in our data. Analysis of feces of captured animals probably provides the least biased non-lethal method of quantifying diets of frugivorous birds and bats (Wheelwright et al. 1984 , Thomas 1988 the pulp. This bias is present in the analysis of diets of bats and tanagers, because they masticate or mandibulate fruits, but not in diets of birds that consume fruits whole (e.g. manakins and thrushes) (Levey 1987 ). However, we have no a priori reason to suspect that overlap between birds and bats is greater for large-seeded fruits. Our analysis also omits large, canopy-foraging frugivorous birds, which were rarely captured. The diets of these birds include large-seeded fruits that are not consumed by the smaller frugivorous birds included in this study (cf. Wheelwright 1985) and would probably contribute to an important dimension of the trophic structure.
Furthermore, the absence of a fruit in the diet records of a frugivore in this study does not prove it is not eaten. Fruits may be missed due to low sample size, or to the restricted areal extent of our sampling. Because most frugivorous birds forage over much smaller areas than frugivorous bats (Fleming 1988) , species fruiting outside our capture area are more likely to be represented in the diet samples of captured bats than of captured birds.
Dispersal syndromes
Fruits eaten by bats differed from those eaten by birds in length, color, and type. Fruits ? 1.4 cm were mostly bat-dispersed, whereas those < 1.4 cm were mostly eaten by birds. Bat-fruits were frequently multiple fruits, and usually green or yellow, supporting syndromes described by van der Pijl (1982) and Howe and Westley (1986) .
The differences between bird-and bat-fruits are consistent with the two classes of fruits associated with birdand mammal-consumption at another site in the Peruvian Amazon (Janson 1983 ). However, his classification of large, protected, green/yellow/brown fruits as mammaldispersed is based on their consumption by primates. There is little evidence that bats consume similar kinds of fruits as primates. The proportion of fruit genera utilized by both bats and primates is low and similar to that utilized by both bats and birds for two comparisons based on literature of the paleotropics (Fleming et al. 1987 ). The only simultaneous study of fruit use by a bat species and a primate species found 18% of species to be shared (Estrada et al. 1984b 
Trophic structure
The position of the two tanager species on the first CA axis, intermediate between other birds and bats when fruits are pooled by genus, is largely attributable to their overlap with bats on fruits in the moraceous genera Coussapoa and Ficus, though for the most part on different species. Tanagers' dietary similarity with bats was also found by Palmeirim et al. (1989) , due mostly to overlap on species of Piperaceae. Perhaps fruits shared by tanagers and bats cannot be consumed by manakins and C. ustulatus because they are too large; these birds ingest fruit whole whereas tanagers consume pieces ("gulpers" vs "mashers" sensu Moermond and Denslow (1985) and Levey (1987) ).
The masher-gulper dichotomy also seems to explain the separation of frugivorous birds on axis 3 in the OTUlevel CA. Similarly, in three of five habitats in Costa Rican rain forest, ordination of frugivorous understory birds by diet separated, on the first axis, species that snatch and swallow fruits (including C. ustulatus and P. pipra) from a group of "poor reachers" that fed primarily on axillary fruits of shrubs (including Tachyphonus surinamus) (Loiselle and Blake 1990).
Although they did not include Tangara spp. in their 244 ordinations, Loiselle and Blake (1990) considered them to comprise a distinct trophic group due to their consumption of canopy fruits. In our study, Tangara schrankii had the most dissimilar diet, due largely to the contribution of Coussapoa spp. and the reduced importance of Melastomataceae (25% of diet records vs 2 50% for each of the other bird spp.). The second major factor in the trophic structure of the volant frugivore community is the separation of frugivorous bats by body size, which coincides with a separation of the "canopy frugivore guild" from the "understory frugivore guild" (sensu Bonaccorso 1978). This separation of bats along CA axis 2 is nearly identical to that obtained at a site in Costa Rica with many of the same bat species (Palmeirim et al. 1989 
Conclusions
The low dietary overlap between frugivorous birds and bats suggests that they do not compete for fruit. However, overlap may vary temporally, due to inter-annual and seasonal changes in the availability of fruit species. Overlap may be greatest during periods of fruit scarcity, or during periods of fruit abundance if highly profitable or patchy fruit resources are involved (Crome 1975 , Schoener 1982 . However, our data reveal that overlap between frugivorous birds (7 spp. pooled) and bats (11 spp. pooled) remained low year-round: dry season (June-September) C= 0.019, early wet season (October-January) C = 0.003, late wet season (February-May) C = 0.009. This suggests that dietary overlap between frugivorous birds and bats rarely, if ever, is sufficient to permit competition for fruits.
The distinct fruit diets of Amazonian birds and bats also demonstrates that these taxa are not redundant in the seed dispersal services they provide. Both frugivorous birds and bats are essential in the regeneration of tropical rain forests.
Appendix. Trophic guild of each bird and bat species, number of captures, number with diet samples (total, with arthropods, and with seeds), and total seed records. Some diet samples contained both arthropods and seeds. A seed record is the presence of a 1 seeds of a species in a diet sample; one diet sample can contribute > 1 seed records. 
